The study determined the impact of advanced male ageing (≥50 years) on sperm chromatin integrity and early embryo morphological development in intra-cytoplasmic sperm injection (ICSI) technique cycles. Six hundred subfertile men were age-grouped; X 1 (50 to 59 years), X 2 (60 to 69), and X 3 (≥70), were compared with 600 fertile males of known fertility (Y, age 25 -35 years). Oocytes from 254 women, aged ≤ 30 years, were included. Sperm were analyzed using acridine orange fluorescence test (AOT) and categorized: "low", "intermediate" and "high" damage. After ICSI, embryos were evaluated and categorized as "good", "fair" or "poor" quality. Embryonic morphological development was assessed at three stages: fertilization, early and late paternal effect. The AOT results were: age was the significant proportion of morphologically poor quality embryos over the five days after fertilization. Male age ≥ 50 years, is highly associated with abnormal sperm chromatin organization, an inability to adequately fertilize with ICSI methodology, an increase in the number of poor quality embryos and, a corresponding decrease in the number of good quality embryos five days after fertilization.
Introduction
Sperm dysfunction is one of the most common causes of male subfertility. Sperm quality has a direct impact on fertilization and embryonic development [1] . In human spermatozoa, the source of chromatin damage may include unresolved strand breaks created during spermatogenesis to relieve the torsional stresses associated with chromatin remodeling, oxidative stress and unsuccessful apoptosis. Chromatin damage is related to a range of unfavorable clinical consequences, including infertility, premature expulsion of the foetus and death of offspring [2] . Immature spermatozoa generate high levels of reactive oxygen species (ROS) which are implicated in chromatin damage and are likely to cause unfavorable arrangements in protamination and chromatin packaging [3] .
Single-and double-strand DNA breaks are often detected mostly in the ejaculates of infertile men [4] . Chromatin damage, which includes chromatin fragmentation, abnormal chromatin arrangement, and the lack of the peptide protamine, adversely affects reproductive outcome in natural or unassisted conception [5] and assisted reproduction technology (ART) [4] . Nevertheless, chromatin damage has been detected in spermatozoa from fertile men [6] . Chromatin damage is not only observed in infertile or sub-fertile men, but also in other age related and pathogenic conditions including, genital and systemic infections, cancers, drugs, radio and chemotherapy, hyperthermia, tobacco smoking, and varicocele. These diseased conditions are also associated with changed (high) levels of ROS [7] .
Even where the patient is in good health, and thus excluding these factors, paternal age itself is also positively related to the increased chromatin damage in sperm donors and in ageing men of infertile couples [8] . Therefore, the presence of some chromosomal abnormalities in spermatozoa due to increased male age does influence the occurrence of spontaneous miscarriages [9] . When miscarriages occur in women who are 30 years old or less, paternal age greater than 50 years was observed to be a significant factor [10] .
Normal chromatin condensation is important in the ability of sperm cells to fertilize eggs and routine semen analysis is not sensitive enough to detect defects in sperm chromatin structure [11] . In in vivo and in vitro studies to determine the influence of paternal aging factor on fertility, a negative relationship has been observed between disorders in the organization of genomic material in sperm nuclei and the fertility potential of spermatozoa [12] .
The integrity of the sperm DNA has a direct bearing on successful human reproduction. The work of Sergerie et al. [13] indicated that there appears to be a threshold of sperm DNA damage beyond which fertilization, embryo development and subsequently, pregnancy are impaired. It has been established clinically that sperm DNA impairment has deleterious effects on the outcome of re-Advances in Reproductive Sciences production, and further, the spermatozoa of infertile men possess substantially more DNA damage than do the spermatozoa of fertile men [14] . The underlying causes of impaired sperm DNA and the consequences on reproductive outcomes in humans remain undeveloped [11] .
The goal of the present study is to determine the influence of advanced paternal age on sperm chromatin integrity during intra-cytoplasmic sperm injection (ICSI) technique cycles associated with male factor infertility, and controlling for partner female age. The evaluated parameters were semen quality, i.e. chromatin integrity using acridine orange fluorescence test (AOT); fertilization and embryo cleavage rates and morphological development up to day five after ICSI.
Materials and Methods

Study Design
This study analyzed the susceptibility of sperm nuclear DNA to acid-induced denaturation in situ by quantifying the metachromatic shift of AO fluorescence from green (native DNA) to red (denatured DNA). AO is a simple microscopic procedure that is based on the same principle as the sperm chromatin structure assay (SCSA). That is, it is able to evaluate the integrity of the sperm nucleus and disorders of which can cause unexplained infertility or lower fertilization potential that may go undetected by routine semen analysis [15] . The fluorochrome AO intercalates into double-stranded DNA as a monomer and binds to single-stranded DNA as an aggregate. The monomeric AO bound to native DNA fluorescence green. Aggregated AO on denatured DNA fluoresces red implying damaged DNA and green florescence spots equate to healthy DNA.
Following successful ICSI, the influence of sperm chromatin integrity on early embryonic development was observed and classified into three stages: fertilization rate, early paternal effect (embryonic day 2), and late paternal effect (embryonic days 3 and 5). The morphology of embryos was evaluated using an inverted microscope.
The Participants Groups
The subject selection criteria were based on sub-fertility couples participating in an ICSI program for male factor infertility. The subjects were considered eligible for inclusion in the study if the male partner 1) is ≥50 years of age; 2) had motile ejaculated spermatozoa during preliminary semen analysis; and 3) on the day of oocyte retrieval, their spouses' age ≤ 30 years. This is to control for the effect of female age. Couples with male partners whose age were less than 50 years were excluded. Male partners who were ≥50 years but have the following diseased conditions: diabetes, azoospermia, prostatit is, and or had prior cancer therapy were excluded from the study.
Calculation of the Minimum Sample Size
We used the rate of chromatin integrity of 50% for both fertile males and Advances in Reproductive Sciences sub-fertile males in order to determine the minimum sample size. The sample size was calculated using the formula:
1.96 0.5 1 0.5 0.5 1 0.5 193 0.1
where, 1 2 1.96
is the rate of chromatin integrity in the two major groups (i.e. sub-fertile males ≥ 50 years and males 25 to 35 years) in addition to the level of precision (є) of 10%. This gave the minimum sample size, n, of 193 participants. Therefore, a total of 600 patients (representing 200 for each subcategory of ≥50 years) were recruited into our study.
The 600 men (aged ≥ 50 years) of sub-fertile status was further sub-divided by age, X 1 : 50 to 59 years, X 2 : 60 to 69 years, and X 3 : age ≥ 70 years. Each group had 200 participants. Another group, Y, served as the control and included 600 young males age 25 -35 years. The female partners, and volunteer egg donors, age ≤ 30 years, totaling 254, took part in the study.
Ethical Considerations and Informed Consent
The procedures involved in the study were verbally explained to all participants. Written information for all participants about the purpose of the research and the circumstances that could interfere with the analysis and the interpretation of the results was supplied and explained. Consent was given both verbally and in writing. Relevant information about sample collection and other pertinent issues, for instance, information was sought on recent periods of malaria, fever or inflammatory illnesses and the responses recorded. All participation was entirely voluntary and patients were free to decline to participate. This did not affect their fertility treatment outcome.
The 
Samples
Semen Preparation and Analysis
After semen liquefaction (30 minutes at 37.0˚C), macroscopic and microscopic analyses were carried out following the standard operation procedures established by the Hospital. The samples were prepared for sperm selection with G-IVF plus (Vitrolife-Goteborg, Sweden), using the techniques of density gra-Advances in Reproductive Sciences dient (Irvine Scientific-Santa Ana, CA), "Swim-up" or "Sperm-wash", depending on concentration and motility of each sample.
Evaluation of Sperm Chromatin Integrity by AOT
Fresh semen was smeared on pre-cleaned glass slides, which were air-dried and then fixed in Carnoy's solution (methanol/glacial acetic acid; 3/1; vol/vol) for 2 hours. The fixed slides were then stained with freshly prepared 0.19 mg/mL of AO (Polysciences, Warrington, PA, USA) for 5 min in the dark as follows: 10 mL of 1% AO in distilled water were added to a mixture of 40 mL of 0.1 m citric acid and 2.5 mL of 0.2 M Na 2 HPO 4 •7H 2 O buffer and pH adjusted to 2.5.
After staining, the slides were rinsed with distilled water to remove excess AO.
They were then covered with glass cover slips and immediately evaluated under a fluorescent microscope (Nikon Eclipse E400, Nikon, Japan) at the excitation wavelength of 450 -490 nm and a total magnification of x1000. On average, 200 sperm cells were counted on each slide by the same examiner and the duration of evaluation was not more than 40 sec/field. Spermatozoa with green fluorescence were considered as having normal Chromatin/DNA content, whereas sperm displaying a range of yellow-orange to red fluorescence were considered as damaged Chromatin/DNA. The percentage of spermatozoa with single-stranded DNA was calculated from the ratio of sperm with red, orange, or yellow fluorescence to all sperm counted per sample. AO is for general DNA degradation assessment; whereas the terminal deoxyuridine nick end labeling (TUNEL) technique measures actual single and double stranded breaks [16] .
Following AOT, the quality of DNA (extent of DNA damage) was classified into three groups: "low damage" (0% -30%)-thus indicating 30% denatured DNA (red), "intermediate damage" (31% -70%)-showing 31 to 70 DNA denaturation (red) and "high damage" (71% -100%) showing red.
Intracytoplasmic Sperm Injection (ICSI) Methodology
ICSI was performed in a microinjection dish prepared with 4 μL droplets of buffered medium (G-MOPS HEPES, Vitrolife, Goteborg, Sweden) and covered with paraffin oil on the heated (37.0˚C ± 0.5˚C) stage of an inverted microscope (Eclipse TE 300; Nikon, Tokyo, Japan) with a Hoffmann modulation contrast system. Approximately 16 hours after ICSI, fertilization was confirmed by the presence of two pronuclei and the extrusion of the second polar body. Embryos were maintained in a 50 μL drop of culture medium (G1V5 PLUS, Vitrolife, Goteborg, Sweden) and covered with paraffin oil in a humidified atmosphere under 6% CO 2 at 37˚C. On day 3, embryos were transferred into another culture medium (G2V5 PLUS, Vitrolife, Goteborg, Sweden) for culture up to day 5.
Embryo Morphology Evaluation
Embryo morphology was assessed 16 -18 h post-ICSI and on the mornings of days 2, 3 and 5 using an inverted Nikon under 400X magnification. The embryos Advances in Reproductive Sciences were then categorized as "good", "fair" or "poor" quality, based on the number and grade of blastomeres. Cleavage stage morphology was assessed based on the following parameters: number of blastomeres, percent fragmentation, variation in blastomere symmetry, presence of multinucleation, and defects in the zona pellucida and cytoplasm.
"Good" quality embryos are cleavage stage embryos showing the following characteristics: 4 cells on day 2 or 8 -10 cells on day 3, <15% fragmentation, symmetric blastomeres, absence of multinucleation, colorless cytoplasm with moderate granulation and no inclusions, absence of perivitelline space granularity and absence of zona pellucidadysmorphism. Embryos lacking any of these characteristics with fragmentation < 25% were considered to be of "fair" quality.
Poor cleavage stage embryos showed severe fragmentation (>25%) and asymmetrical cells. These embryos were slow growing and contained very low number of cells [17] .
In blastocyst formation assessment on day 5, the embryos were graded using the formation of the inner cell mass (ICM) and the Trophectoderm (TE). Inner 
Statistical Analysis
Pearson's chi square (χ 2 ) test of association was used to evaluate the relationship between sperm chromatin damage, fertilization rate and embryo quality rates for each age group. The t-test of difference in proportions was also used to compare proportions of fertilization and embryo quality. The results were expressed as proportions, 95% confidence intervals (CI) for difference in population proportions and p-values. Significance was assigned to events with a p-value < 0.05. 
Results
Descriptive Analysis
A total of 1550 oocytes were retrieved at ovum pick up (OPU) from the 254 women. Of the 1550 oocytes, 377 were donated by 77 women whose male partners were in the group X 1 , 358 oocytes were from 66 women partnered with male group X 2 , 406 oocytes were from 51 women with male partners in group X 3 , and 409 oocytes from 60 women who were partners with the control group, Y. To eliminate potential bias, all the donated oocytes were randomly re-assigned to the four male categories prior to insemination. 
Sperm Chromatin Quality and Advanced Male Age
Chromatin damage in sperm DNA was assessed by the AOT and visualized by fluorescence microscopy (Figures 1(a)-(c) ). The results showed that the number of men exhibiting "high damage", i.e. 70 to 100% of sperm cells DNA staining red, were X 1 : 118 (59%), X 2 : 147 (73.5%) and X 3 : 168 (84%), out of 200 men in each age category (Table 1 ).
In the control group, Y, 43 (7.2%) men showed "high damage" DNA. In Table 1 . Cross tabulation of sperm chromatin fragmentation and male age groups.
Male age groups (years) (a) (b) (c) Figure 1 . Chromatin damage in sperm assessed by Acridine Orange Fluorescence staining and visualized using a fluorescent microscope (Nikon Eclipse E400, Nikon, Japan) at the excitation wavelength of 450 -490 nm and a total magnification of x1000. Figure 1(a) , Category: 0% -30%-"Low" damaged; (b) Category: 31% -70%-"Intermediate" damaged, and (c) Category: 70% -100%-"High" damaged. Advances in Reproductive Sciences contrast, the total number of men in each group showing "low damage" DNA (green fluorescence) was X 1 : 29 (14.5%), X 2 : 11 (5.5%) and X 3 : 8 (4%), while in the control group, the number was 486 (81%). The chi squared analysis showed that the association between sperm chromatin fragmentation and increasing male age is significant (χ 2 (723.249, 6) p < 0.0001) ( Table 1 ).
Fertilization Rates and Advanced Male Age
Following oocyte evaluation, 148 oocytes were found to be defective and there- There is an association between fertilization status and male age groups (χ 2 (210.990, 3) p < 0.0001). The t-test of difference in proportionsis significant (p < 0.05) in fertilization among the various male age groups.
Different subscripts indicate the differences are significant. There is a significant difference in the fertilization rates (χ 2 (29.847, 3) p < 0.0001), for the four groups. The fertilization rate reduces as the age increases, showing an inverse relationship.
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The fertilization rate reduces as age increases, showing an inverse relationship (Table 3) . These results strongly indicate that increasing male age of ≥50 years, is highly correlated with inability to fertilize ova. And therefore, increasing age is associated with chromatin damage, which, in turn is associated with poor fertilization rates.
Early Paternal Effect on Embryo Morphological Development
Early paternal effect was assessed on Day 2 of embryo development (4-cell stage, Figure 2 ) when the paternal genome is considered to be inactive [19] . When the four insemination groups were evaluated, the number of good quality embryos were X 1 = 163, X 2 = 126, X 3 = 49 and Y = 304 ( Table 4 ). The differences between each group were significant: X 1 vs. X 2 (P < 0.0001); X 1 vs. X 3 (P < 0.0001); X 2 vs.
X 3 (P < 0.001); Y vs. X 1 (P < 0.0001). Correspondingly, the number of poor quality embryos were X 1 = 78, X 2 = 91, X 3 = 225 and Y = 14. Therefore, the number of poor quality embryos increased with increasing age.
Late Paternal Effect on Embryo Morphological Development
Late paternal effect was assessed on Days 3 and 5 ( Figure 2 ). At Day 3, the The embryo quality fertilized by sperm from men within the age group of 50 -59 yrs, decreased significantly over the 5 days after fertilization (χ 2 (86.757, 4) p < 0.0001). b Embryo quality fertilized by sperm from men within the age group of 60-69 yrs decreased significantly over the 5 days (χ 2 (69.437, 4) p < 0.0001). number of good quality embryos were, X 1 = 125, X 2 = 87, X 3 = 38 and Y = 302 (Table 4) . Correspondingly, the number poor quality embryos were X 1 = 142, X 2 = 135, X 3 = 147, and Y = 14. At Day 5, the number of good quality embryos were (Table 4) . From the X 2 group, similarly, the quality of embryos also decreased significantly (χ 2 (69.437, 4) p < 0.0001). And from the X 3
group, embryo quality also decreased significantly (χ 2 (27.434, 4) p < 0.0001) over the five days (Table 4 ). In contrast, embryo quality in the Y (control) group did not decrease significantly (χ 2 (3.763, 4) p = 0.439) over the period. Therefore, decrease in embryo quality increased with advanced age. That is, there is a positive association between poor quality embryos and increasing age over 50 years.
The 95% confidence intervals and t-test of proportions of embryo quality rates for age each group are given in Supplementary Material.
Discussion
Although, the paternal influence of damaged chromatin was observed at all embryonic developmental stages (pronuclei-zygote stage, cleavage stage, morula stage and the blastocyst stage) we found a more prominent paternal effect after embryonic genome activation had occurred, at embryonic stage Day 3.
During ICSI procedures, a failure to fertilize may be related to defective sperm and or oocyte. The quality of both oocytes and sperm has previously been associated with diminished fertilization [19] . Sperm with chromatin fragmentation, nevertheless, can undergo successful fertilization, pronuclear formation and syngamy. It is note-worthy that in the male age groups X 2 (60 -69) and X 3 (≥70 years), 15% and 36% of the oocytes, respectively, failed to fertilized with ICSI.
Therefore, our work is in agreement with that of Greco et al. [19] , in that, poor quality sperm is directly related to a decrease in fertilization rates, and is directly related to increasing paternal age over 50 years.
Development of the embryo post-fertilization depends on a reserve of maternal mRNA accumulated during oocyte growth and maturation [20] . Significant transcription of the embryonic genome only takes place after the 4-cell stage in humans [21] . In our study, again, at day 2, we observed an increase in the number poor quality embryos with increasing age over 50 years. Although the effect of sperm chromatin damage is more apparent in later stages of embryogenesis (Day 5), it is not likely to be due to paternal gene expression abnormalities, as the embryonic genome is not yet activated. Harrouk et al. [22] reported that paternal chromatin damage might be translated into chromosome aberrations after the first metaphase.
We showed that on Day 3 and Day 5 of culture post-fertilization, there was a significant decrease in the percentage of good quality embryos and an increase in the percentage of poor quality embryos, with increased sperm chromatin damage. Our study showed that, increasing paternal age ≥ 50 years is highly associated with sperm chromatin damage, which, in turn is associated with poor fertilization rates when ova were obtained from women ≤ 30 years. Using ova from female partners or donors at ≤30 years is important as it eliminates the confounding factor of the influence of age in females in the study.
The proportion of poor quality embryos at days 3 and 5 was highly associated Advances in Reproductive Sciences with increasing paternal age. Chromatin damage can affect a wide variety of cellular processes, including chromatin repair mechanisms, transcription and cell cycle control [23] . Thus, it is possible that extensive paternal chromatin damage could affect these normal embryonic cell processes. Oocytes can repair some damaged chromatin [24] . However, if the level of chromatin damage exceeds the capacity of the oocyte to completely repair the damage, then the cell might undergo apoptosis.
Our study showed that the progression of development from good quality day 3 embryos to day 5 embryos (blastocysts) is highly influenced by the level of sperm chromatin damage. It was previously observed that faster dividing cleavage stage embryos more often develop into blastocysts, and are associated with higher pregnancy rates [25] . We reasoned that high sperm chromatin damage levels are directly related to embryonic cleavage rates, such that the activation of additional chromatin repair pathways forces delays in cell division resulting in a poor quality blastocyst, an observation similarly reported [24] . The high success rate achieved by ICSI has led some to suggest that ICSI should be performed for all ART cases as the embryo quality depends on intrinsic factors of the gametes, rather than the fertilization process [26] [27]. This is supported by the observation that sperm chromatin damage maybe associated with sperm morphology [28] [29].
The AO staining method results confirm the findings using other assays, that higher sperm chromatin damage is associated with lower embryo quality, increased embryo development arrest and decreased pregnancy rates, while lower sperm chromatin damage is associated with higher embryo quality, better embryo development and increased pregnancy rates [30] [31].
Limitations of This Study
Cohan et al. [32] reported that the AOT is not a good predictor of DNA damage.
That is, both the SCSA and TUNEL techniques are more sensitive to DNA chromatin damage assessment than the AOT. At the time of this study, the hospital laboratory (at Tema, Ghana) did not have the expertise or a flow cytometer equipment to either perform the SCSA or TUNEL tests. Nevertheless, the results presented here are conclusive and compelling, and, in agreement with those of Virro et al. [33] , that DNA fragmentation analysis by SCSA can be utilized as a predictor for IVF/ICSI outcomes. These results are also supported by an in vivo study [34] where DNA fragmentation correlates with fertility status, time to pregnancies and spontaneous miscarriages.
Conclusion
Our findings indicated a significant association between paternal age ≥ 50 years and the following measures; higher levels of chromatin damage in sperm DNA, an inability to adequately fertilize ova from females aged ≤ 30 years, and a high proportion of morphologically poor quality embryos in all stages of early em-Advances in Reproductive Sciences bryonic development following fertilization to day 5. These observations were most prominent in the oldest age group (≥70 years).
